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Description 



GEAR REDUCTION APPARATUS FOR A 
BICYCLE COMPONENT 

Background of Invention 

[0001] The present invention is directed to bicycles and, more 
particularly, to a motorized bicycle component. 

[0002] Many current bicycles have electronically controlled bicy- 
cle components. For example, some bicycles include au- 
tomatic transmissions wherein electronically motorized 
front and rear derailleurs are automatically controlled by a 
microcomputer based on bicycle speed. One type of mo- 
torized derailleur includes a motor that is spaced apart 
from the derailleur and connected to the derailleur by a 
conventional Bowden cable, wherein the motor pulls and 
releases the inner wire of the Bowden cable to operate the 
derailleur. Another type of motorized derailleur integrates 
the motor with the derailleur so that the motor drive shaft 
directly moves the derailleur linkage mechanism. Such a 
configuration eliminates the requirement of a Bowden ca- 



ble, thus making the overall derailleur mechanism more 
compact. 

[0003] while a derailleur with an integrated motor has many ad- 
vantages, it also has drawbacks. For example, the de- 
railleur itself must be made larger to accommodate the 
motor and related components. Since the derailleur is 
mounted to the side of the bicycle frame, the larger de- 
railleur protrudes laterally more than a conventional de- 
railleur. This, in turn, creates the risk that the derailleur 
may be struck by rocks or other obstacles when riding in 
rough terrain, or that the derailleur is damaged or de- 
stroyed if the bicycle falls over. 

[0004] Some motorized derailleurs include gear reduction mech- 
anisms comprising a plurality of variably sized intercon- 
nected gears so that higher speed, low torque motors may 
be used to precisely move the derailleur linkage mecha- 
nism. If the motor is integrated with the derailleur, then 
the gear reduction mechanism also must be integrated 
with the derailleur. Typically, the gear reduction mecha- 
nism is incorporated within the derailleur base member 
that mounts the derailleur to the bicycle frame. In such 
cases, the pivot shafts for the variably sized gears are at- 
tached to the base member, and possibly to the derailleur 



linkage mechanism and/or to the motor drive shaft. As a 
result, the entire derailleur sometimes must be disassem- 
bled in order to service the motor or the gear reduction 
mechanism. Furthermore, sometimes the pivot shafts are 
permanently mounted to the base member, to the linkage 
mechanism and/or to the motor drive shaft such that the 
entire derailleur must be replaced if the gear reduction 

mechanism is worn or damaged. 
Summary of Invention 

[0005] The present invention is directed to various features of a 
motorized bicycle component. In one embodiment, a gear 
reduction apparatus for a bicycle component comprises a 
gear support, a first gear coupled to the gear support for 
receiving rotational drive force from a drive component, 
and a second gear coupled to the gear support for com- 
municating rotational drive force to a driven portion of the 
bicycle component. The first gear is operatively coupled to 
the second gear to communicate rotational drive force 
from the drive component to the driven portion of the bi- 
cycle component, and the first gear, the second gear and 
the gear support are coupled together so that the first 
gear, the second gear and the gear support may be cou- 
pled to and removed from the drive component and the 



driven portion of the bicycle component as a self- 
contained unit. Additional inventive features will become 
apparent from the description below, and such features 
alone or in combination with the above features may form 
the basis of further inventions as recited in the claims and 

their equivalents. 
Brief Description of Drawings 

[0006] pig. 1 is a side view of a particular embodiment of a bicy- 
cle; 

[0007] pig. 2 is a more detailed side view of the rear derailleur; 
[0008] Fig. 3 is a rear view of the rear derailleur; 

[0009] Fig. 4 is a bottom view of the rear derailleur in a high 

speed position; 
[0010] Fig. 5 is a bottom view of the rear derailleur in a low 

speed position; 

[001 1] Fig. 6 is a cross sectional view of the rear derailleur taken 

along line VI-VI in Fig. 3; 
[0012] Fig. 7 is an upper view of the derailleur base member; 

[0013] Fig. 8 is a front view of the derailleur base member; 

[0014] Fig. 9 is a bottom view of the derailleur base member with 
the gear reduction mechanism cover removed; 



[0015] pig. 10 is a cross sectional view of the derailleur base 
member taken along line X-X in Fig. 8; 

[0016] pig. 11 is a cross sectional view of the derailleur base 
member taken along line XI-XI in Fig. 8; 

[0017] Fig. 12 is a schematic view of the derailleur motor dis- 
posed in a phantom space defined by the link pins; 

[0018] Fig. 13 is a view of the gear reduction mechanism re- 
moved from the base member; and 

[0019] Fig. 14 is an exploded view of the gear reduction mecha- 
nism. 
Detailed Description 

[0020] Fig. 1 is a side view of a particular embodiment of a bicy- 
cle 4. Bicycle 4 comprises a frame body 8 constructed by 
welding tubing together in a conventional double diamond 
configuration. A front fork 12 is mounted to the front of 
frame body 8 for rotation around an inclined axis, and a 
handlebar assembly 16 is mounted to the top of front fork 
12. A saddle 18 is mounted to the upper middle part of 
frame body 8, a drive mechanism 20 is mounted to the 
lower part of frame body 8, a front wheel 24 is rotatably 
mounted to the bottom of front fork 12, and a rear wheel 
28 is rotatably mounted to the rear of frame body 8. A 
front brake mechanism 32 is used to brake front wheel 



24, and a rear brake mechanism 36 is used to brake rear 
wheel 28. 

[0021] Drive mechanism 20 comprises a pedal crank assembly 40 
rotatably mounted at the bottom bracket of frame body 8, 
a front transmission 44 including a front derailleur 46 
mounted to frame body 8 and a plurality of (e.g., two) 
sprockets 48 is mounted to the right side of pedal crank 
assembly 40, and a rear transmission 50 including a rear 
derailleur 52 mounted to the rear of frame body 8 and a 
plurality of (e.g., eight) rear sprockets 54 mounted to rear 
wheel 28. Front derailleur 46 selectively engages a chain 
60 on one of the plurality of front sprockets 48, and rear 
derailleur 52 selectively engages chain 60 on one of the 
plurality of rear sprockets 54. 

[0022] Handlebar assembly 16 comprises a handle stem 64 

mounted to the top of front fork 12 and a drop-style han- 
dlebar 66 mounted to the top of handle stem 64. Com- 
bined brake/shift lever assemblies 70 (only the right side 
brake/shift lever assembly is shown) of known construc- 
tion are mounted at the opposite upper curves sides of 
handlebar 66. The left side brake/shift lever assembly 70 
is used to operate front brake mechanism 32 through a 
brake cable assembly 72, and the right side brake/shift 



lever assembly 70 is used to operate rear brake mecha- 
nism 36 through a brake cable assembly 74. The brake/ 
shift lever assemblies 70 also are structured to manually 
control front transmission 44 and rear transmission 50 
through a control unit 78 that is centrally mounted to 
handlebar 66. Control unit 78 automatically electronically 
controls the operation of front derailleur 46 and rear de- 
railleur 52 through an electrical cable assembly 84 in a 
known manner in response to signals from awheel rota- 
tion sensor comprising a reed switch 86 mounted to 
frame body 8 and a magnet 88 mounted to front wheel 
24, wherein the signals from reed switch 86 are received 
through an electrical cable assembly 90. Alternatively, 
control unit 78 electronically controls the operation of 
front derailleur 46 and rear derailleur 52 in a known man- 
ner in response to the manual operation of the combined 
brake/shift lever assemblies 70. 
[0023] pigs. 2 is a side view of rear derailleur 52, Fig. 3 is a rear 
view of rear derailleur 52, Fig. 4 is a bottom view of rear 
derailleur 52 in a high speed position (when chain 60 en- 
gages the smallest rear sprocket 54), and Fig. 5 is a bot- 
tom view of rear derailleur 52 in a low speed position 
(when chain 60 engages the largest rear sprocket 54). As 



shown in those Figures, rear derailleur 52 comprises a 
base member 100 structured to attach rear derailleur 52 
to the rear of frame body 8, a movable member 104 piv- 
otably supporting a chain guide 108, and first and second 
link members 120 and 124 coupled between base mem- 
ber 100 and movable member 104 so that movable mem- 
ber 104 moves relative to base member 100. Chain guide 
108 rotatably supports a guide pulley 112 and a tension 
pulley 116 for guiding chain 60 to engage selected ones 
of the plurality of rear sprockets 54. 
[0024] First link member 120 has a first end 126 and a second 
end 134, wherein first end 126 is pivotably coupled to 
base member 100 through a first link pin 128, and second 
end 134 is pivotably coupled to movable member 104 
through a second link pin 138. Similarly, second link 
member 124 has a first end 142 and a second end 150, 
wherein first end 142 is pivotably coupled to base mem- 
ber 100 through a third link pin 146, and second end 150 
is pivotably coupled to movable member 104 through a 
fourth link pin 154. In this embodiment, first end 142 of 
second link member 124 is keyed to third link pin 146 by 
a flat 156 (Fig. 8) formed on third link pin 146 so that 
second link member 124 and third link pin 146 rotate as a 



unit. A spring 160 (Fig. 6) is disposed between first link 
member 120 and second link member 124 to remove the 
play in a gear reduction mechanism 210. In this embodi- 
ment, spring 160 is a coil spring with a first end 162 and 
a second end 166, wherein first end 162 exerts a biasing 
force against first link member 120 approximately midway 
between first link pin 128 and second link pin 138, and 
second end 166 exerts a biasing force against second link 
member 124 in close proximity to fourth link pin 154. 
[0025] B ase member 100 comprises a generally cylindrical frame 
mounting portion 170 and a drive housing 174. Frame 
mounting portion 170 includes a mounting bolt opening 
178 and a rotation stopper 180. A frame mounting bolt 
182 passes through mounting bolt opening 178 for rotat- 
ably mounting frame mounting portion 170 to frame body 
2. A conventional bias spring (not shown) is disposed 
within mounting bolt opening 178 and surrounds frame 
mounting bolt 182 for biasing a stopper plate 183 (Fig. 3) 
relative to frame mounting portion 170 so that a rotation 
stopper 184 (Fig. 2) on stopper plate 183 abuts against 
rotation stopper 180 on frame mounting portion 170 in a 
known manner. 

[0026] Drive housing 174 comprises a main housing 190 and a 



cover 194 attached to main housing 190 through screws 
198. Preferably, cover 194 is attached to a bottom of main 
housing 190 such that water or other contaminants can- 
not enter into the inside of main housing 190. Main hous- 
ing 190 is integrally formed as one piece with frame 
mounting portion 170 and defines a drive component 
space 202 (Fig. 6) for housing a drive component such as 
an electric motor 206 and gear reduction mechanism 210. 

[0027] Motor 206 comprises a primary motor housing 214 (Fig. 
8) disposed within a generally cylindrical motor mounting 
portion 218 of main housing 190, a motor drive shaft 222 
(Fig. 10) extending outwardly from primary motor housing 
214 and defining a drive shaft vector V that points away 
from primary motor housing 214, and a motor shaft drive 
gear 230 attached to the free end of motor drive shaft 
222. In this embodiment, drive housing 174 is structured 
such that the entire primary motor housing 214 is dis- 
posed within base member 100. 

[0028] As shown schematically in Fig. 12, first link pin 128, sec- 
ond link pin 138, third link pin 146 and fourth link pin 
154 define edges of a phantom space 250, and straight 
continuous phantom lines PH1-PH8 connecting ends of 
first link pin 128, second link pin 138, third link pin 146 



and fourth link pin 154 in a non-crossing manner define 
remaining edges of phantom space 250. Furthermore, 
first link pin 128 and third link pin 146 lie in a plane PI, 
and second link pin 138 and fourth link pin 154 lie in a 
plane P2. Drive shaft vector V points away from plane P2, 
preferably but not necessarily such that a relative angle 6 
between drive shaft vector V and plane P2 is in a range 
between 45 degrees and 135 degrees when measured in a 
plane P3 that is perpendicular to first link pin 128, second 
link pin 138, third link pin 146 and fourth link pin 154. At 
least a part of primary motor housing 214 is disposed 
within phantom space 250. As a result of these features, 
alone or in combination, base member 100, and hence 
rear derailleur 52, may be made more compact. 
[0029] pig. 13 is a view of gear reduction mechanism 210 re- 
moved from drive housing 174, and Fig. 14 is an ex- 
ploded view of gear reduction mechanism 210. In this 
embodiment, gear reduction mechanism 210 is a self- 
contained unit that is housed within drive component 
space 202 of drive housing 174 such that gear reduction 
mechanism 210 is disposed entirely within base member 
100 and can be removed as a unit from base member 
100. As shown in Figs. 13 and 14, gear reduction mecha- 



nism 210 comprises a gear support 300 that supports a 
gear reduction unit 298 and a position sensing unit 299. 
Gear reduction unit 298 comprises a main support 302 
including a main support cover 303, both of which may be 
made of a plastic material, a first gear 304 rotatably cou- 
pled to main support 302 through a pivot shaft 306 for 
engaging motor shaft drive gear 230 so as to receive ro- 
tational drive force from motor 206; a second gear 310 
rotatably coupled to main support 302 through a pivot 
shaft 312 for engaging a driven portion or component 
such as a link drive gear 314 (Fig. 9) that rotates integrally 
with third link pin 146 and second link member 124; and 
a plurality of intermediate gears 316, 318, 320 and 322 
coupled between first gear 304 and second gear 310 for 
further reducing the rate of rotation between motor shaft 
drive gear 230 and link drive gear 314. Smaller diameter 
intermediate gear 316 is integrally formed with first gear 
304 and engages larger diameter intermediate gear 318. 
Intermediate gear 318 is integrally formed with smaller 
diameter intermediate gear 320 and spaced apart there- 
from by a spacer 319, wherein intermediate gears 318 
and 320 are rotatably coupled to main support 302 and 
main support cover 303 through a pivot shaft 321. Inter- 



mediate gear 320 engages larger diameter intermediate 
gear 322, wherein intermediate gear 322 is integrally 
formed with second gear 310. 
[0030] M a j n support 302 includes a semicircular bottom portion 
324 with an opening 328 for receiving third link pin 146 
therethrough, a main body portion 332, a motor interface 
portion 336, and main support cover 303. Main body por- 
tion 332 includes a gear cavity 340 for housing first gear 
304 and intermediate gear 316, a gear cavity 344 for 
housing intermediate gears 318 and 320, and a gear cav- 
ity 348 for housing intermediate gear 322. Gear cavity 
340 includes a pivot shaft opening 352 for supporting a 
lower end of pivot shaft 306, gear cavity 344 includes a 
pivot shaft opening 356 for supporting a lower end of 
pivot shaft 321, and gear cavity 348 includes a pivot shaft 
opening 360 for supporting a lower end of pivot shaft 
312. A pivot shaft opening 362 is formed in main support 
cover 362 for supporting an upper end of pivot shaft 321. 
A bushing 364 is disposed in gear cavity 348 between in- 
termediate gear 322 and main body portion 332 to stabi- 
lize intermediate gear 322. Motor interface portion 336 is 
provided for stably interfacing motor 206 with main sup- 
port 302 and includes a drive shaft receiving member 370 



with a drive shaft receiving opening 374 for receiving 
drive shaft 222 therethrough so that motor shaft drive 
gear 230 may engage first gear 304. 
[0031] Position sensing unit 299 is operatively coupled to first 
gear 304, and it comprises an optical position sensing 
member 370 rotatably supported to a position sensing 
unit support 374 (which may be made of a plastic mate- 
rial) through a pivot shaft 376, a phototransmitter/photore- 
ceiver unit 378 coupled to position sensing unit support 
374, a smaller diameter position sensing reduction gear 
382 that rotates integrally with position sensing member 
370, and a larger diameter position sensing reduction 
gear 386 rotatably coupled to position sensing unit sup- 
port 374 through pivot shaft 306. Position sensing unit 
support 374 includes a pivot shaft opening 387 for sup- 
porting an upper end of pivot shaft 312, a pivot shaft 
opening 388 for supporting an upper end of pivot shaft 
376, and a pivot shaft opening 389 for supporting an up- 
per end of pivot shaft 306. A bushing 391 is disposed be- 
tween second gear 310 and position sensing unit support 
374 to stabilize second gear 310. Position sensing reduc- 
tion gear 386 includes a coupling shaft 390 with a pair of 
key projections 394 that engage a corresponding pair of 



key openings 398 in first gear 304 so that position sens- 
ing reduction gear 386 rotates integrally with first gear 
304. As a result of position sensing reduction gears 382 
and 386, position sensing member 370 also rotates inte- 
grally with first gear 304, but at a faster rate. 
[0032] | t should be readily apparent that main support 302 rotat- 
ably supports first gear 304, second gear 310 and the 
plurality of intermediate gears 316, 318, 320 and 322 as 
a substantially self-contained unit, and position sensing 
unit support 374 rotatably supports position sensing 
member 370, phototransmitter/photoreceiver unit 378 
and position sensing reduction gears 382 and 386 as a 
substantially self-contained unit. As a result of this struc- 
ture, gear reduction mechanism 210 may be removed 
from base member 100 as a unit for replacement or re- 
pair, and gear reduction unit 298 and position sensing 
unit 299 may be separated from each other as substan- 
tially self contained units for separate replacement or re- 
pair. Furthermore, forming gear support parts such as 
main support 302, main support cover 303 and position 
sensing unit support 374 from a plastic material reduce 
manufacturing costs and also reduces the noise from the 
operation of the gears. 



[0033] while the above is a description of various embodiments 
of inventive features, further modifications may be em- 
ployed without departing from the spirit and scope of the 
present invention. For example, the size, shape, location 
or orientation of the various components may be changed 
as desired. Components that are shown directly connected 
or contacting each other may have intermediate structures 
disposed between them. The functions of one element 
may be performed by two, and vice versa. The structures 
and functions of one embodiment may be adopted in an- 
other embodiment. It is not necessary for all advantages 
to be present in a particular embodiment at the same 
time. Every feature that is unique from the prior art, alone 
or in combination with other features, also should be con- 
sidered a separate description of further inventions by the 
applicant, including the structural and/or functional con- 
cepts embodied by such feature(s). Thus, the scope of the 
invention should not be limited by the specific structures 
disclosed or the apparent initial focus or emphasis on a 
particular structure or feature. 



